The Free Electron Laser FLASH at the German Electron Synchrotron (DESY) in Hamburg is a linear accelerator, which uses superconducting technology to produce soft x-ray laser light ranging from 4,1 to 45 nm. To ensure the operation stability of FLASH, monitoring of the beam is mandatory. Among various detectors located at the beam pipe, two Ionization Profile Monitors (IPM) detect the lateral x and y position changes. The functional principle of the IPM is based on the detection of electrons, generated by interaction of the photon beam with the residual gas in the beam line. The newly designed IPM enables the combined determination of the FEL's horizontal and vertical position as well as the beam's profile. This is made possible by a compact monitor, consisting of a cage in a vacuum chamber, two microchannel plates (MCP) and two structural repeller plates with toggled electric fields at the opposite sides of the MCPs. The electrons created by the FEL beam, drift in a homogenous electrical field towards the respective micro-channel plate, which produces an image of the beam profile on an attached phosphor screen. A CCD camera for each MCP in combination with a computer is used for the evaluation. This indirect detection scheme operates over a wide dynamic range and allows the detection of the center of gravity and the shape of the photon beam without affecting the FEL beam. Exact knowledge of the path taken by the electrons permits a recursive determination of the beam position. Within a beam variance of less than 10 mm, an accuracy better than ±8 um seems to be possible.
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Animations of the electron trajectories
The following Video 2 shows the trajectory of electrons at the two switching states. The red and orange marked line represents the beam which ionizes the residual atoms. 
Analysis of trajectories
The trajectory of the particles is primarily relevant in Y direction. Any displacements concerning the Z-axis can be considered less important as long as they are sufficiently small. As can be seen in figure 7 , the trajectory of the electrons and ions is compared with the simple addition of the vectors of the electrical field strength (streamlines). Inertia has been included in the equation. Figure 7 shows the resulting Y-displacement of the electrons and ions from the starting point until the end of the cage as a result of the inhomogeneity of the field. The final displacement is specified. The differences in the displacements are caused primarily by different speed and accelerations. A high acceleration in Xdirection suppresses the influence of the starting speed of the electrons and ions. Due to inertia the different lines show, once a direction has been chosen it is maintained. As can be seen from the streamline, the inhomogeneity of the field is strongest in the middle of the assembly module. Furthermore the speed variation in figure 8 shows the course of the speed of the electrons and ions. The high velocity of the electrons in particular makes it possible to use devices with the highest recording frequency. In the simulation merely 10.4 ns elapse between the start of the electron and the passing of the wall of the assembly module through the grid. They reach a maximum speed of about 11 million m/s. It takes the nitrogen ions 1'170 ns for the same route, which is 100 times slower. Thus every 10 ns a change of the beam can be detected. If the electrons are used, the electric field can be toggled quickly. This makes it possible to detect an image of the laser beam in a very short period of time, created by the fast moving electrons. Taking this into account, for future IPM developments, one should always use electrons for beam detection. Only the electrons attain a very high time resolution of the bunches. In this case, a phosphor-screen with a much lower decay time than the normally used (about 1 ms) is mandatory. A combination of a fast phosphor-screen [4] with a high speed camera can deliver a time resolution in the order of 100 ns. In figure 9 the first electron trajectory starting behind the middle point of the detector from x = -3.54 mm is indicated with the number 1 and the second electron trajectory with the origin in front of the middle point x = 3.54 mm (3.54 mm = √ ) with the number 2. Trajectories with starting points 3.54 mm apart from the middle point of the detector are extreme but realistic assumptions for a routine operation of the IPM. The electron starting at x = 3.54 mm shows a stronger curvature than the electron started at x = -3.54, which can be explained by a shorter path length in the inhomogeneity. Of course, the displacements are lower if the distance to the end of the cage becomes shorter. From figure 9 one can see the shifts in the trajectory are within a manageable level. In average we have a displacement of -45.7 μm with a maximal error of 7.8 μm
Since the path of the electron is precisely known a software-based interpolation of the image with the true value of the beam seems to be possible. The following table shows the displacements of the electrons concerning the Y-and Z-axis from the respective starting point until passing the grid. The final velocity is shown as well. As can be derived from figure 9 and table 2 the deviation of the electron path from the electrical field line is not symmetrically with respect to the middle axis of the detector. This can be explained with the unsymmetrical design. Certainly the micro-channel plate located at the upper part of the assembly module has an influence on the electrical field lines and therefore on the path of the electrons. Compared with the opposite outer case the MCP is closer located to the cage and as consequence electrons with a starting point Y < 0 are stronger deflected. Highest accuracy of the device is obtained when the beam is in the middle of the device. Here is the lowest displacement of the electrons. The defined startup speed, simulating the influence of the gravity, has no noticeable impact.
CONCLUSION
A unification of two IPMs into one compact module has the advantage of a reduced assembly size combined with an increased accuracy of the measured beam parameters. A special designed cage shields the area of interest from unwanted influence of stray fields. The voltage applied for the different grids and potential supporting pads is relatively low. Nevertheless the small diameter of the cage of 100 mm x 100 mm x 100 mm allows a strong electrical field leading to very high acceleration and speed of the electrons created. Due to the much higher speed of the electrons compared to the ions, time resolution of about 100 ns can be achieved. The simulations have shown a spatial resolution in the order of ± 45 μm can be obtained with a laser beam fluctuation of ± 5 mm.
Beam fluctuation bigger than the diameter of the area of interest deteriorates the result. Since highest accuracy is obtained in the middle of the device an axis modular motion control system should be taken into consideration. The application of the finite-elements-method poses the possibility to increase precision of future IPMs enormously. In a realistic way the results of the simulations describe the trajectories of different electrons and ions following the electrical field. The displacement of the path of the electrons and ions from the electrical field lines can be precisely predicted. As shown in this paper, applying this procedure the spatial resolution can be improved by a factor of five.
